Background: The TNM classification does not completely reflect the prognosis of
| INTRODUCTION
Worldwide, colorectal cancer (CRC) is the third cause of cancer-related mortality. 1, 2 In Mexico, CRC places fourth and it is recognized as an increasing health problem. 1 It is broadly acknowledged that surgery is the main curative option for patients with localized CRC and in the past few years, new treatments have improved overall survival (OS) in locally advanced or metastatic disease. 3 The TNM staging classification is the most useful tool defining prognosis and guiding the tailoring of treatment options in CRC. However, OS cannot be completely explained by TNM stages or by the currently established prognostic factors. 4 In CRC, several prognostic factors improving the prognostic value of the TNM classification have been described. [5] [6] [7] However, more refined tools are needed to further increase their prognostic value. The Memorial Sloan-Kettering Cancer Center model, which was designed to predict the 5-and 10-year disease-free survival after curative resection in patients with colon cancer, or the European CanCer Organisation/European Society of Surgical Oncology nomograms predicting recurrence, distant metastases and OS, 8, 9 have been important contributions to the field. Nonetheless, the baseline immunonutritional status of patients was not considered as part of most of the conceptual models supporting these tools or were only defined in specific subpopulations of patients with CRC or specific stage groupings, 6 even when inflammation has been widely recognized as the promoter of multiple hallmark functional components of cancer. 10 Serum albumin is an important marker of nutritional status and the absolute blood lymphocyte count is a marker of immunologic function; both have been reported as good predictors of OS in CRC as well. 11, 12 Together, as a Prognostic nutritional index (PNI), have demonstrated to be good predictors of complications after gastrointestinal surgery. 13 The prevalence of malnutrition in patients with CRC ranges between 33% and 41% at the time of diagnosis, 14 and is associated with an increased risk of developing complications and mortality. 15 Also, malnutrition can increase hospital length of stay by up to 70%, thus increasing hospitalization costs by 23% 16, 17 ; malnutrition is also associated with greater hematologic and nonhematologic toxicity due to chemotherapy and shorter progression-free survival periods, 18 hence, influencing the quality of life of patients, their functional capacities, and symptoms. 19 Consequently, the aim of this study is to evaluate the prognostic role of PNI by multivariate analysis including other well-known prognostic factors, and to develop a prognostic model in a cohort of patients with CRC treated in a tertiary care, cancer center.
| MATERIAL AND METHODS

| Patients
We included 3301 consecutive patients with CRC who were treated at the "Instituto Nacional de Cancerología" (INCan) in Mexico City, between January 1992 and December 2016. Inclusion criteria comprised a colonoscopy and biopsy establishing a final diagnosis of CRC and the histopathology had to be diagnostic of adenocarcinoma; the patient cohort included untreated female and male patients of any age. Chest X-ray, liver ultrasonography, computed tomography, positron emission tomography scans, or magnetic resonance imaging were required for the staging protocol. Data were extracted retrospectively from the clinical records and included the clinical history, physical examination, basal-pretherapeutic blood cytology and blood chemistry, tumor markers, surgical procedures, adjuvant chemotherapy, radiation or chemoradiation, and diverse palliative procedures. The study protocol was designed according to the STROBE and AJCC criteria, 20, 21 and it was approved by the Institutional Review Board and Bioethics Committee (Register number Rev/01/15).
| Variables
The location of the neoplasm in the colorectum was established by colonoscopy, CT scan and/or laparotomy. Two independent pathologists reviewed the surgical pathology material, and disagreement was conciliated by consensus. The basal-pretherapeutic serum albumin level and the basal-pretherapeutic absolute lymphocyte count were recorded and the PNI was calculated as previously reported: ([serum albumin in g/dL × 10] + [0.005 × total lymphocyte count in cells/µL]). 13 The seventh edition of the TNM staging system was used and patients treated before January 2010 were restaged. 22 Surgery was coded as radical right or left hemicolectomy, radical sigmoidectomy, low anterior rectal resection, or abdominoperineal resection. Surgical morbidity was classified according to the Clavien-Dindo classification. 23 The number of lymph nodes retrieved, the number of positive lymph nodes and the metastatic lymph node ratio (number of positive/total lymph nodes retrieved) were calculated. Rectal cancer was treated following the total mesorectal excision approach; adjuvant chemotherapy, preoperative chemoradiation, or palliative chemotherapy were administered as appropriate, following the NCCN guidelines. Missing values were handled with the multiple imputation technique. 28 Any probability of 0.05 or less was considered significant; 2-tailed statistics were used in all cases, and computations were performed with the SPSS statistical software for Mac, version 23. (IBM Corp., Armonk, NY, USA).
| RESULTS
| Patients
There were 3301 patients with CRC that were included during the described study period; 1574 (47.7%) were female and 1727 (52.3%) were male, with a mean age of 58. 
| Associations with PNI
The absolute lymphocyte count and basal serum albumin presented poor correlation (r = 0.155; P < 0.0001) (Appendix Figure S1 ). Mean PNI was 44.45 (SD 8.16; range 11.6-79), and its frequency distribution was normal (skewness −0.483, standard error [SE] 0.043; kurtosis 1.02, SE 0.085) (Appendix Figure S2) .
The associations of the 5 categories of PNI with several clinical factors are listed in the Appendix Table S1 . Age, TNM, location in the colorectum, R classification, use of neoadjuvant chemotherapy, use of neoadjuvant chemoradiation, BMI, adjuvant chemotherapy, and several laboratory parameters were associated with PNI.
| Survival
Median OS of the cohort was 3.47 years (95% CI 3.01-3.9). There were 1334 deaths (40.4%) during the follow-up of this study. Median follow-up time was 1.1 years (interquartile range: 0.29-2.5 years).
Median OS for the 5 quintiles of PNI were 1.69 years (95% CI 1.34-2.03), 2.68 (95% CI 1.92-3.43), 3.69 (95% CI 2.67-4.7), 5.11 (95% CI 3.87-6.36), and 5.17 (95% CI 3.92-6.42), respectively. The 5-year OS rate for the 5 quintiles of PNI were 0.311 (SE 0.025), 0.409 (SE 0.028), 0.449 (SE 0.029), 0.518 (0.028) and 0.516 (0.028), respectively (P < 0.00001).
The bivariate association of several factors and OS is presented in Table 1 . As presented in the table, when the PNI was divided in quintiles, it was strongly associated to OS. The fourth and fifth quintiles had the same prognosis, so these were analyzed as a single subgroup ( Figure 1 ) (P < 0.0001), thereafter, only 4 groups were considered. The association of basal serum albumin and the absolute lymphocyte count with OS is depicted in Figure 2 (both associations P < 0.0001). The association of PNI and OS was conserved across R classification strata (stratified analysis P < 0.0001) (Figure 3) . The final multivariate model of prognostic factors associated with OS is shown with their estimators in Table 2 .
| DISCUSSION
The TNM classification is a construct of the three most robust prognostic factors and it is the basis when defining prognosis or tailoring different treatment options in CRC. 22 Nevertheless, it has been recognized as inaccurate in defining prognosis in certain subsets of patients with CRC.
Therefore, many prognostic factors have been reported with the goal of increasing the predictive value of the TNM classification. The AJCC has recognized that new prognostic factors should be included in the TNM classification with the intention of increasing its accuracy in estimating the prognosis of patients with cancer, and for this purpose, has stimulated the development of new prognostic models. Therefore, they are proposing the main criteria that are required for the design of useful and reliable prognostic models. 21 The AJCC-UICC have included other prognostic factors such as degree of differentiation, R classification, circumferential resection margin, tumor regression score, CEA level, lymphovascular invasion, perineural invasion, microsatellite instability, KRAS, NRAS, and BRAF. 22 Most frequently evaluated prognostic factors include those directly associated to the neoplasm per se, that is, morphologic, proteomic, genomic or epigenomic, while the patient's immune and nutritional status have been often overlooked. [6] [7] [8] [9] There is an increasing evidence that systemic inflammation plays a critical role in carcinogenesis and the invasion or metastatic processes in CRC. 30 The tumor-associated inflammatory response has been recognized to exert a contradictory effect, enhancing tumorigenesis and progression, and actually aiding incipient neoplasms to acquire hallmark capabilities. 10 As part of those immunonutritional factors that can be measured in blood, PNI is thought to reflect patient's nutritional and immunological status and has been reported to be an important prognostic factor in several neoplasms such as gastric, hepatocellular, pancreatic, esophageal carcinoma, and malignant pleural mesothelioma. 31 In the case of CRC, PNI has shown to be a robust prognostic factor for OS. 31, 32 In this study, an important association between the PNI and OS in a large cohort of patients with CRC is reported. The final multivariate model strongly suggests that PNI is an independent explanatory variable, and it is relevant in conjunction with the neoplasm's location in the colorectum, TNM stage, differentiation degree, and several other wellestablished prognostic factors. As recommended by AJCC, only OS was evaluated as significant outcome since we agree that the role of disease-free survival or cancer-specific mortality is controversial since the potential difficulty in reliably assigning the cause of death. 21 The main pitfalls of this study are the retrospective nature of the data, the absence of C reactive protein values, the long-time of recruitment, a validation protocol is lacking and the institutional reference bias inherent to any tertiary care medical institution. However, the main strengths of our findings are the large number of patients in the cohort and the prolonged follow-up periods of most survivors. Serum albumin and absolute lymphocyte counts are inexpensive and readily available markers in any setting in almost all countries, so the PNI includes data obtained from a basic blood cytology and serum chemistry that are usually performed before any further diagnostic work-up or therapeutic procedure is undertaken. The presented prognostic model can be easily constructed.
As far as we know, there are no reports that have used the PNI in a multivariate prognostic model in patients with CRC, and it has not been tested or validated in any nomogram or model. However, it has been used in other malignancies. In the case of CRC, an important association of PNI and OS after surgical resection has been reported as well as a comparison of systemic inflammatory and nutritional scores in CRC patients who underwent potentially curative resection. 15 The same group has recently documented that PNI and the Glasgow prognostic score are independent explanatory variables by multivariate analysis, suppressing the prognostic value of the neutrophil/lymphocyte ratio (NLR) and neutrophil/platelet ratio (NPR). 33 This is an important difference when compared with our findings because in our study, PNI does not annul the prognostic value of NLR, but only that of the NPR. Additionally, in the final model, the PLR was not concealed either (Table 2 ). Figure 2 shows that the associations of basal serum albumin and basal absolute lymphocyte count with OS are very important. Both associations reveal an imperfect biological gradient, especially in the higher categories of both variables. Conversely, in Figure 1 , the PNI presents an important biological gradient in its association with OS. The 2 higher quintiles of PNI were treated as one because both yielded a similar RR. These observations suggest that the construct of basal serum albumin and basal lymphocyte count is a much more accurate prognostic factor than the isolated values of either, considering the low bivariate correlation values (r = 0.155; Appendix Figure S1 ).
Several reports on CRC emphasize that a cut-off value of PNI of 44.5 or more is associated to less frequent postoperative complications and a longer OS 15,34-37 ; a PNI above 36 in patients who underwent elective low anterior resection with colorectal anastomosis, is associated with a longer diseasefree survival. 38 Several cutoff points for the PNI are reported, usually range from 35 to 50. 32 In our study, a cut-off value for PNI is intentionally not defined, because the association of PNI and OS yielded a clear biological gradient by bivariate analysis (Figure 1) . A forecast using the PNI as a continuous variable has enormous advantages from a statistical point of view. This allows the Cox's Proportional Hazards model to establish a much more accurate forecast model. This is the first report on the association of PNI in CRC in Latin-America and it is interesting to compare with the study of Sun et al 32 which is a meta-analysis performed mainly in Asian patients, including 6372 patients from ten centers. In our study, 3301 patients mainly from central Mexico were treated in a single cancer center. The mechanism by which the PNI impacts prognosis is unknown. Serum albumin is produced mainly by hepatocytes and the albumin synthesis is regulated by several proinflammatory cytokines, which are produced by the host, tumor microenvironment and cancer cells, and may play crucial roles in carcinogenesis, cancer progression, and angiogenesis. 39 The serum albumin level is correlated with an increased inflammatory response to the tumor. 39 Lymphocyte cell subpopulations include CD4+ and CD8+ T-cells, NK cells, NKT cells, gamma-delta T-cells, and B-cells, which are closely related with tumor immunity. Therefore, the association between fewer lymphocytes and impaired tumor immunity has been reported. 40 Serum albumin level and absolute lymphocyte count are regulated by related mechanisms.
In conclusion, immunonutritional parameters are relevant prognostic factors, and PNI must be measured and controlled in therapeutic interventional phase III studies in patients with CRC. PNI should be included in prognostic models to define OS in different subgroups of patients with CRC and its evaluation in predictive multivariate models including the TNM staging system is warranted. However, a validation study is required.
It is possible that improving the PNI with interventions designed to enhance the immunonutritional status, the surgical, chemotherapy or chemo-radiation therapy morbidity may improve. Therefore, should be considered a significant component of the evaluation of new multimodal treatments in CRC.
Challenging problems in the near future would be to define the performance of PNI as a prognostic tool in specific subgroups of patients such as after complete resection of stage I/II colon cancer, the prediction of recurrence after adjuvant chemotherapy in stage III colon cancer, or in the prognosis of selected patients with resectable oligometastatic disease.
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